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TITLE 

Integration of Fused Glass Collimated Coupler for use in Opto-Electronic Modules 

FIELD OF THE INVENTION 

This invention relates to passive optical elements and, more particularly, to passive 
optical collimating elements. 

CROSS REFERENCE TO RELATED APPLICATIONS 

This application claims priority under 35 USC 1 19(e)(1) of United States Provisional 
Patent Application Serial No. 60/302,479, United States Provisional Patent Application Serial 
No. 60/302,205 filed June 29, 2001, as well as United States Provisional Patent Application 
Serial No. 60/365,489 filed March 18, 2002. 

This application is also continuation-in-part of United States Patent Application Serial 
No. 09/896,664, and a continuation-in-part of United States Patent Application Serial No. 
09/896,513, and a continuation-in-part of United States Patent Application Serial No. 
09/896,196, and a continuation-in-part of United States Patent Application Serial No. 
09/896,192, all-filed on June 29, 2001, as well as a continuation-in-part of United States Patent 
Application Serial No. 10/098,990 filed March 14, 2002, the disclosures of which are all 
incorporated herein by reference. 

BACKGROUND 

When laser or LED light is emitted from lasers (or output from fibers to detectors or 
modulators), the light diffracts (i.e. it spreads out as it travels). If that light is allowed to traverse 
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a large distance without entering a fiber or being focused by a lens, it spreads out in area quickly. 
If the optical devices which emit or receive this light are spaced close to one another in an array 
light from/to one optical device can mix with the light to/from adjacent devices. 

FIG. 1 shows such a condition where light is output from an array of lasers and the light 
from each one spreads out. If the distance the light travels in free space is long enough (typically 
on the order of 50 micrometers based upon a typical laser-to-laser spacing (i.e. the "pitch") of 
125 to 250 microns, the light will spread out enough before it reaches its destination fiber such 
that it will mix with the light from at least other adjacent devices. This is called crosstalk and it 
degrades the data integrity coming from each of the devices or going into the fibers. 

It is well known that crosstalk is undesirable. One option for eliminating crosstalk is to 
ensure that the fibers from a fiber cable are placed close enough to the lasers (or detectors) so 
that the light reaches its destination (i.e. the fiber or device) before it spreads out too much. 

Some optical module companies have relied on this approach. Unfortunately, most users 
of components want optical components with removable cables; having to 'snap' in and out. 

Unfortunately, a cable where the fibers come extremely close to the optical devices 
provides great potential for damage the individual devices caused by impact of an end of a fiber 
with a device. In addition, when a fiber cable is removed, the individual optical devices are 
exposed to ambient environmental conditions, including humidity, which can adversely affect 
the lifetime of the devices. 

Optical transceiver groups have been looking at 1-D arrays of optical devices (rather than 
2-D) and have typically tried to have the optical fibers themselves inserted so the attach very 
close to the devices. The resulting yield, reliability and failure of the devices have limited the 
usefulness of this technique. 
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Others have made 1-D devices where they use a series of independent separate fibers and 
attach them to a piece of silicon and then attach the silicon to piece to a module board on which 
the optical devices reside. Such pieces however, are not compatible with commercial 
connectors. 

Still others have made 2-D arrays of optical devices for use in digital video cameras 
(CCD cameras). These products use what is called a fiberoptic faceplate which is a fused fiber 
bundle where the number of fibers far exceeds the number of optical devices, particularly on a 
use basis. These faceplates are attached to a mounting layer right on the electronic chip itself. 
With a faceplate, there is no alignment required between the optical devices and the faceplate 
itself since there are many more fibers than optical devices, the light to/from the optical devices 
will pass through at least several fibers regardless of alignment. One such example is shown in 
U.S.Pat. No. 5,074,683. 

However, the approach of U.S. Pat. No. 5,074,683, where a piece is directly attached to 
the optical chip, forces one to construct structures on the optical chip onto which a coupler could 
be placed. The height of such structures would be a pre-determined height and could face 
tolerance errors which would limit the accuracy of height placement. 

In addition, when coupling light into fiberoptic faceplates, because there are many more 
fibers than devices, some of the light can go into a variety of fibers and other portions of the light 
will miss all of the fibers and be lost. In addition, spot spreading occurs in fiberoptic faceplates 
which limits the efficiency of coupling. 

Thus, what is needed is a way to couple light to a fiber that eliminates crosstalk. 
What is also needed is a way to encapsulate optical devices to avoid exposure to ambient 
conditions. 

3 Express Mail Label No.: EV062749301US 

708668 vl 


PATENT 
Docket No.: 4024-401 1US1 


What is further needed is a way to protect the surface of the devices from being impacted 
by fibers in a connector when it is inserted and/or removed. 

SUMMARY OF THE INVENTION 

In general, we have devised a way to overcome the problems noted above through the use 
of a fused glass fiber array integrated into an opto-electronic module. 

We have also created an assembly methodology for integrating the optical coupler with 
optical device/electronic chip pieces. The integration methodology is broadly applicable to 
optical couplers made via other technologies. 

One aspect of the invention involves an optical unit. The optical unit has multiple optical 
devices, a collimated coupler disposed relative to the multiple optical devices so that laser light 
can be transferred between at least two of the multiple optical devices and the collimated coupler 
without crosstalk, and a fused glass collimator, disposed within the collimated coupler, having 
multiple optical fibers arranged in a predetermined arrangement relative to the multiple optical 
devices so that the number of optical fibers is always equal to or greater than the number of 
optical devices on a use basis. 

The advantages and features described herein are a few of the many advantages and 
features available from representative embodiments and are presented only to assist in 
understanding the invention. It should be understood that they are not to be considered 
limitations on the invention as defined by the claims, or limitations on equivalents to the claims. 
For instance, some of these advantages are mutually contradictory, in that they cannot be 
simultaneously present in a single embodiment. Similarly, some advantages are applicable to 
one aspect of the invention, and inapplicable to others. Thus, this summary of features and 
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advantages should not be considered dispositive in determining equivalence. Additional features 
and advantages of the invention will become apparent in the following description, from the 
drawings, and from the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a crosstalk condition; 

FIG. 2A shows an example illustration of a fused fiber collimated coupler; 
FIG. 2B shows the coupler of FIG. 2 A in a "see through" form to show the internal 
arrangement of the fibers; 

FIG. 3 is a photograph of an end view of a fused fiber collimated coupler as described 

herein; 

FIG. 4 shows one example coupler unit; 

FIG. 5shows the coupler unit of FIG. 4 after bonding and insertion of a fused fiber 

collimated coupler; and 

FIG. 6 shows the process of integrating the coupler holder piece with the optical modules. 

DETAILED DESCRIPTION 

The entire disclosures of United States Patent Application Serial No. 09/896,664, United 
States Patent Application Serial No. 09/896,797, United States Patent Application Serial No. 
09/896,513, United States Patent Application Serial No. 09/896,196, and United States Patent 
Application Serial No. 09/896,192, all filed on June 29, 2001, United States Patent Application 
Serial No. 10/098,990, filed March 14, 2002, and Provisional Patent Application Serial Nos. 
60/302,205, filed June 29, 2001 and 60/365,489, filed March 18, 2002 are all incorporated herein 
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by reference. Those applications describe various techniques and devices that can be combined 
and intermixed with the present invention to form various novel optical apparatus including 
connectors, optical modules having, for example, transmitters, receivers, or transceivers, and 
optical communications networks incorporating such optical modules. 

In general, we have devised a way to overcome the problems noted above through the use 
of a fused glass fiber array integrated into an opto-electronic module. The fiber array acts as a 
collimator that captures light from individual optical devices and prevents that light from 
diffracting into the areas of adjacent devices. It also serves to protect the optical devices from 
environmental conditions. 

Light coupled into the fused fiber array then can be coupled into a fiber bundle which has 
fibers arranged in an identical pattern and spacing as the fused fiber array. 

We have further devised an optical coupler that holds the fused glass fiber array, accepts 
a fiber bearing connector, and is made to be permanently held near the surface of the devices. It 
is placed close enough to the devices to capture the light from each individual device to prevent 
optical crosstalk, yet is fixed permanently to the optical module so that it is never removed and 
hence does not leave the devices as vulnerable to ambient environmental effects. 

Thus iLwill protect the devices from contact by any fibers and will encapsulate the 
optical devices from exposure to any ambient environmental conditions. 

There are two separate aspects of the present invention that alone and collectively 
provide advantages and benefits not present in the prior art. 

First, we use a fused glass collimated coupler in an optical component to direct or collect 
light near the optical devices and prevent diffraction of the light (and thus the resultant crosstalk 
between different optical devices to occur). The collimated coupler consists of a series of optical 
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fibers which are arranged in an ordered fashion, such as a grid. The fibers are arranged such that 
there is always one or more devices per collimated coupler fiber on a "use basis". As used 
herein, a "use basis" means that the number of total fibers in the coupler and the number of total 
devices in the module are irrelevant, even if the two connect to each other. What matters is that 
if only one device is in use it will feed only one fiber. If there are two devices in use (in an array 
having two or more devices), they will either each have a corresponding fiber or will both have a 
single corresponding fiber in the collimated coupler (for example, if the two are combined by a 
waveguide between the devices and the collimated coupler or are redundant devices). The 
creation of such waveguides are described, for example, in the incorporated by reference, 
commonly assigned, U.S. Patent Application No. entitled "Multi-piece Fiber Optic Component 
and Manufacturing Technique". The creation of an array of devices with redundancy is 
described in the incorporated by reference, commonly assigned, U.S. Patent Application entitled 
"Redundant Optical Device Array". 

To make insertion and placement easier the fibers are fused together into a solid block. A 
block of fused fibers which, when it cut to the appropriate size and has the requisite number of 
fibers and fiber pitch, is suitable for use as the collimated coupler and is commercially available 
from Collimated Holes, Inc., 460 Division Street, Campbell, CA 95008. 

We also have separately devised a way of aligning and inserting these couplers into an 
optical module. In particular, we have devised a way to align this collimated coupler piece to 
both a fiber array and the optical devices in the module. 

As noted above, the collimated coupler is made up of a series of optical fibers which are 
fused together into a solid block. The fibers are arranged in a pattern, for example a square, hex, 
triangular, circular, etc., pattern which typically matches the arrangement of optical devices on 
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an optical module chip, the exception being when there are to or more devices to a particular 
fiber or fibers. An example illustration of a fused fiber collimated coupler is shown in FIG. 2A. 
FIG. 2B shows the coupler of FIG. 2A in a "see through" form to show the internal arrangement 
of the fibers. 

The fibers are fused in a fusing process which occurs during the drawing of the fibers. 
Each of the fibers in a bundle is drawn down so that the group of fibers at the end of the pulling 
process is the correct diameter and on the correct pitch. The fibers fuse as the glass that the 
fibers are made from melts during the pulling process. FIG. 3 is a photograph of an end view of 
a fused fiber collimated coupler such as described herein. As shown, the collimated coupler is 
on its end so that the rows run vertical. The collimated coupler contains 7 rows of 12 fibers 
fused together in an arrangement where the centers of the fibers are on a 250 micron pitch 
between fibers in a row and from row to row. 

In an alternative variant, a fused fiber collimated coupler can be replaced by a collimated 
coupler made of suitable size according to one of the techniques described in the incorporated by 
reference, commonly assigned, applications entitled "Multi-piece Fiber Optic Component and 
Manufacturing Technique." 

A coupler unit is created, for example by molding out of one or more pieces a suitable 
resin or plastic material. FIG 4 shows one example coupler unit. As shown, the coupler unit is 
made up of two plastic pieces, a coupler holder piece and a module connector that have been 
bonded or affixed together by, for example by gluing, screwing, or ultrasonically welding them 
together. 

The non-bonded end of the coupler holder piece is constructed with a recess of suitable 
dimensions to accept the collimated coupler. The coupler holder piece has a recess of a depth 
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such that it will clear the optical chip when mounted and maintain the coupler at the distance the 
coupler needs to be to prevent cross talk. 

The module connector, on its non-bonded side is designed to accept an mating connector 
piece, for example, a commercial connector of the ST, LC, MT-RJ, MTP®, MPO, MPX and 
SMC type (MTP being a registered trademark of US Connec Ltd.), or such other commercial or 
proprietary connector as desired. 

FIG. 5 shows the coupler unit of FIG. 4 after bonding and insertion of a fused fiber 
collimated coupler. 

The process of integrating the coupler holder piece with the optical modules is depicted 
in FIG. 6. 

The process proceeds as follows. 

1) A coupler holder piece (into which a collimated coupler can fit) is affixed (usually 
permanently) to a module connector (which is the latching piece that will sit on the 
module, and into which a complementary connector can 'snap' in order to attach a fiber 
or a fiber bundle to the optical device module). 

2) A Fiber Bundle Array connector, having optical fibers terminated in it, is inserted into the 
modulexonnector piece/Coupler holder combination(these two pieces are designed to 
mate with one another). 

3) (an optional step) Light is shined through the fiber bundle far end so that light emits 
from the fiber array connector end. This light can be from a laser light source, an LED 
light source or any incoherent light source, for example, white light. 

4) The collimated coupler is inserted into the coupler holder and aligned so that the critical 
optical elements of the collimated coupler are aligned to the individual fibers in the fiber 
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bundle/bundle array connector. Once the two pieces are aligned, the collimated coupler is 
permanently fixed in place in the coupler holder, for example with an epoxy. This 
assures that any time the fiber bundle array is removed from or reconnected to the 
module connector that the individual fibers will still be aligned relative to the collimated 
coupler. 

5) The assembly containing the collimated coupler, the coupler holder and the module 
connector is then aligned relative to the chip assembly so that all of the optical elements 
in the collimated coupler are aligned relative to all of the optical devices in the chip 
assembly. This assures that efficient transfer of light between the optical devices and the 
collimated coupler occurs. 

6) The assembly containing the collimated coupler, the coupler holder and the module 
connector is then brought into close proximity to the chip assembly and permanently 
affixed in place. This seals the optical devices, ensures that the alignment between the 
optical devices and the collimated coupler is maintained and ensures that the spacing 
between the optical devices and the collimated coupler is small enough that crosstalk 
does not take place. 

It should be understood that, although the above procedure was described with rreference 
to the fused collimated coupler, the procedure can be straightforwardly used with other types of 
collimated couplers, for example, microlens arrays, fiberoptic faceplates used according to the 
description in commonly assigned U.S. Provisional Patent Appl'n No. 60/302,205 entitled 
"Multi-mode Fiber Bandwidth Enhancement Using An Optical Fiber Coupler" (filed on June 29, 
2001 and incorporated herein by reference) or Provisional Patent Appl'n Serial No. 60/365,489 
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entitled "Long-Throw, Tight Focusing Optical Coupler" (filed on March 18, 2002 and 
incorporated herein by reference), diffraction gratings, waveguide devices, etc. 

In addition it should be understood that the coupler can be placed between a lens and an 
optical device to increase the "throw". Moreover, the approach can be used to control the 
efficiency of the coupling by either reducing diffraction or by deliberately causing diffraction of 
higher order modes. 

Advantageously, the insertion into the coupler holder first, followed by attachment onto 
the electronic chip assembly not only allows aligning of the collimated coupler relative to the 
optical devices but also allows for the accurate control the distance between the optical devices 
and the collimated coupler. 

A further advantage to using the technique described herein is it allows exact placement 
of the coupler as close or as far as is needed on a module-by-module basis. The approach also 
ensures that the collimated coupler is aligned precisely with respect to any fiber bundle which is 
inserted. 

Finally, it should be noted that the approach has applicability, not only to active optical 
devices, but also to passive devices such as coupling light to MEMS structures for all-optical 
networks and the like or of coupling of elements to elements where there is a 1-1 relationship 
between the two elements being coupled. 

It should be understood that the above description is only representative of illustrative 
embodiments. For the convenience of the reader, the above description has focused on a 
representative sample of all possible embodiments, a sample that teaches the principles of the 
invention. The description has not attempted to exhaustively enumerate all possible variations. 
That alternate embodiments may not have been presented for a specific portion of the invention, 
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or that further undescribed alternate embodiments may be available for a portion, is not to be 
considered a disclaimer of those alternate embodiments. One of ordinary skill will appreciate 
that many of those undescribed embodiments incorporate the same principles of the invention 
and others are equivalent. 
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